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INVESTIGATIONS ON A O.020-SCALE JET PLUME

MODEL (88-0TS) OF THE ROCKWELL INTERNATIONAL

INTEGRATED SSV CONFIGURATION I40C (MODIFIED) IN

THE NASA/ARC ll-FOOT TRANSONIC WIND TUNNEL

(IA72)

by

M. E. Nichols, Rockwell International Space Division

ABSTRACT

Test purpose was to determine wing and vertical tail root bending

moments, rudder and elevon hinge moments, nozzle gimbal moments, surface

pressure profiles on the orbiter, ET, and SRB, and ET base cooling rates.

Various MPS and SRM plumes were simulated using cold gas, flow-through

nozzles calibrated for plume shape and mass flow. Mach number was varied

from 0.90 to 1.40; Reynolds number range was 2.80 x 106/ft to 4.5 x I06/

ft. Angle-of-attack was varied from -6° to 2°; angle-of-sideslip was

varied from -4° to 4°. Test was conducted May 19-31, 1975; test program

was a continuation of the jet plume simulation series, including tests

IAl9 and IA80.

This report for IA72 consists of nine volumes:

Volume l - force data plot figures 4 through II

Volume 2 - force data plot figures 12 through 13

Volume 3 - force data plot figures 14 through 18

Volume 4 - pressure data plot figure 19

iii



Volume 5 - tabulated source data - force

Volume 6 - tabulated source data - pressure,
(data sets 5NEAXX, 5NEBXX)

Volume 7 - tabulated source data - pressure,
(data sets 5NECXX, 5NEDXX, 5NEEXX)

Volume 8 - tabulated source data - pressure,
(data sets 5NEFXX, 5NEGXX, 5NEHXX)

Volume 9 - tabulated source data - pressure,
(data sets 5NE!XX_ 5NEJXX).
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Plot

Symbo 1

Ai

AbORB

AbET

AbSRB

BMV

BMvI

BMv0

BMW

BMwI

BMw0

bv

bw

CBv

CBW

ChEI

ChEO

Mnemonic

BREF

BREF

CBMV

CBMW

CHEI

CHEO

NOMENCLATURE

Definition

area associated with pressure tap i, ft. 2

base area of orbiter, ft. 2

base area of ET, ft. 2

base area of SRB, ft. 2

vertical tail-root bending moment (about
vertical tail reference center), in.-Ib

vertical tail-root bending moment at inboard
gauge, in.-Ib

vertical tail-root bending moment at outboard
gauge, in.-Ib

wing-root bending moment (about wing reference
center), in.-Ib

wing-root bending moment at inboard gauge,
in.-Ib

wing-root bending moment at outboard gauge,
in.-Ib

span of vertical tail, in.

span of wing, in.

vertical tail-root bending-moment coefficient

wing-root bending-moment coefficient

hinge-moment coefficient for inboard elevon

hinge-moment coefficient for outboard elevon



Plot

Symbo 1

ChET

ChR

CNW

CONFIG

Cv1

CV2

CV3

CV5

cv6

CPi

CPRj

CPbsR B

CPbET

CPboRB

CP3A

CP4A

Mnemoni c

CHET

CHR

CNW

CONFIG

CNIN

CN2N

CN3N

CN5N

CN6N

CPBSRB

CPBET

CPBORB

CPV3A

CPV4A

NOMENCLATURE (Continued)

Definition

total elevon hinge-moment coefficient

hinge-moment coefficient for rudder

wing normal-force coefficient

configuration

orbiter top center MPS nozzle vertical
force coefficient

orbiter LH MPS nozzle vertical force
coefficient

orbiter RH MPS nozzle vertical force
coefficient

RH SRB nozzle vertical force coefficient

orbiter LH OMS nozzle vertical force
coefficient

pressure coefficient for model surface tap i

chamber-pressure ratio for nozzle j

area-weighted SRB base pressure coefficient

area-weighted ET base pressure coefficient

area-weighted ORB base pressure coefficient

orbiter vent pressure coefficient, average

of Cp22,24,26,28

orbiter vent pressure coefficient, average

of Cp30,32,36,38



NOMENCLATURE(Continued)

Plot
Symbol

CP5A

CP6A

CP7A

CP8A

CPII A

CPI3 A

CPI4A

CPI7A

CPI8A

CPI9A

CP20A

CP21A

CP33

Mnemonic

CPV5A

CPV6A

CPV7A

CPV8A

CPVIIA

CPVI3A

CPVI4A

CPVI7A

CPVI8A

CPVI9A

CPV20A

CPV21A

CPV33

Definition

orbiter vent pressure coefficient, average

of Cp40,42,44,46

orbiter vent pressure coefficient, average

of Cp48,50,54,56

orbiter vent pressure coefficient, average

of Cp60,62,64,66

orbiter vent pressure coefficient, average
of Cp67_70

orbiter vent pressure coefficient, average

of Cp76,78,80,81

orbiter vent pressure coefficient, average

of Cp21,23,25,27

orbiter vent pressure coefficient, average

of Cp29,31,35

orbiter vent pressure coefficient, average

of Cp39,41,43,45

orbiter vent pressure coefficient, average

of Cp47,49,53,55

orbiter vent pressure coefficient, average

of Cp59,61,63,65

orbiter vent pressure coefficient, average

of Cp67,69,71,73

orbiter vent pressure coefficient, average

of Cp75,77,79,82

orbiter vent pressure coefficient, Cp33



NOMENCLATURE(Continued)

Plot
S_j(mbol

CP34

CP51

CP52

CP57

CP58

CH1

CH2

CH3

Mnemonic

CPV34

CPV51

CPV52

CPV57

CPV58

CSIN

CS2N

CS3N

Definition

orbiter vent pressure coefficient, Cp34

orbiter vent pressure coefficient, Cp51

orbiter vent pressure coefficient, Cp52

orbiter vent pressure coefficient, Cp57

orbiter vent pressure coefficient, Cp58

orbiter top center MPS nozzle horizontal
force coefficient

orbiter LH MPS nozzle horizontal force
coefficient

orbiter RH MPS nozzle horizontal force
coefficient

CH5

CH6

CTV

CTW

CN1GMY

CN2GMY

CN3GMY

CN5GMY

CS5N

CS6N

CTMV

CTMW

CYMIN

CYM2N

CYM3N

CYM5N

RH SRB nozzle horizontal force coefficient

orbiter LH OMS nozzle horizontal force
coefficient

vertical tail-root torsional moment coefficient

wing-root torsional moment coefficient

orbiter top center MPS nozzle horizontal
plane gimbal moment coefficient

orbiter LH MPS nozzle horizontal plane
gimbal moment coefficient

orbiter RH MPS nozzle horizontal plane
gimbal moment coefficient

RH SRB nozzle horizontal plane gimbal
moment coefficient

I0



NOMENCLATURE(Continued)

Plot
Symbol

CNIGMY

CYv

EE

EEl

CEO

CET

CR

cv

cw

CN1GMN

CN2GMN

CN3GMN

CN5GMN

CN6GMN

EPRj

FS

GIMBAL

Mnemonic

CYM6N

CYV

LREF

LREF

LREF

LREF

LREF

LREF

LREF

CZMIN

CZM2N

CZM3N

CZM5N

CZM6N

ET

FS

GIMBAL

Definition

orbiter LH OMS nozzle horizontal plane
gimbal moment coefficient

vertical tail side-force coefficient

MAC of total elevon panel, in.

MAC of inboard elevon panel, in.

MAC of outboard elevon panel, in.

MAC of ET, in.

MAC of rudder panel, in.

MAC of vertical tail, in.

MAC of wing, in.

orbiter top center MPS nozzle vertical
plane gimbal moment coefficient

orbiter LH MPS nozzle vertical plane gimbal
moment coefficient

orbiter RH MPS nozzle vertical plane gimbal
moment coefficient

RH SRB nozzle vertical plane gimbal moment
coefficient

orbiter LH OMS nozzle vertical plane gimbal
moment coefficient

external tank

exit pressure ratio for nozzle j

fuselage station

gimbal deflection schedule, deg.

II



Plot
Symbol

Hj

Hk

HMET

HMEI

HMEO

HMR

Kk

_B

LREFj,

_,j

MPS

PCMPs/P_

MRP

MS

M®, M

NjGMN

NjGMY

NFW

N

¢o,¢T,¢B

Mnemonic

LH

LREF

LREF

MPS

MPSPR

MRP

MS

MACH

OMS

OTS

PHI

NOMENCLATURE (Continued)

Definition

horizontal force, perpendicular to nozzle-j
axis, lb.

calorimeter output, mv

hinge moment of ET, in.-Ib.

hinge moment of inboard elevon, in.-Ib.

hinge moment of outboard elevon, in.-Ib.

hinge moment of rudder, in.-Ib.

calorimeter calibration value, BTU/ft2.sec.mv

left half

reference body length, in.

reference length (nozzle length) for
component j, in.

main propulsion system

MPS nozzle pressure ratio, PCMPs/P,

moment reference point

missile station

freestream Mach number

nozzle gimbal moment, vertical plane, in.-Ib.

nozzle gimbal moment, horizontal plane, in.-Ib.

wing-root normal force, lb.

nozzle, nose (orbiter)

orbital maneuvering system

orbiter + external tank + solid rocket booster

model angle-of-roll

12



D

D

Plot

Pcj

Pej

PcMPS

PCSRB

P

Pi

PT

P_

Qk

q_

R/ROD

Re/ft

SEI

SEO

SET

SR

SREFj

SRM

SRB

PCSRB/P_

SV

Mnemonic

PCJ/P

PEPJ

P

PT

PO

Q

RCS

R/RO

RN/L

SREF

SREF

SREF

SREF

SREF

SRM

SRB

SRBPR

SREF

SSV

NOMENCLATURE (Continued)

Definition

chamber pressure (absolute) for nozzle j, psia

exit pressure (absolute) for nozzle j, psia

MPS air supply total pressure, psia, (as set)

SRB air supply total pressure, psia, (as set)

pressure, psia

pressure (absolute) at model surface tap i, psia

freestream total pressure, psia

freestream static pressure, psia

heat-flux rate, BTU/ft2.sec

freestream dynamic pressure, psf

reaction control system

radius divided by outer radius

freestream unit Reynolds number, ft x 10 6

inboard reference elevon area, ft 2

outboard reference elevon area, ft 2

reference ET area, ft 2

reference rudder area, ft 2

reference area, (nozzle exit area) for
component j, ft 2

solid rocket motor

solid rocket booster

SRB nozzle pressure ratio, PCSRB/P_

reference vertical tail area, ft 2

space shuttle vehicle

13



NOMENCLATURE(Continued)

Plot
S__ymbol

SW

SFV

sj

Tk

TMv

TMvG

TMW

TMwG

TT

TTMpS

TTsR B

T_

vj

XCpV

XCpW

XN

XNjNI

Mnemonic

SREF

TT

TO

XVCP

XWCP

Definition

reference wing area, ft 2

vertical tail-root side force, lb.

nozzle j area, ft 2

thermocouple temperature, °R

vertical tail-root torsional moment (about
vertical tail reference center), in.-Ib.

vertical tail-root torsional moment at

gauge, in.-Ib.

wing-root torsional moment (about wing reference
center), in.-Ib.

wing-root torsional moment at gauge, in.-Ib.

freestream total temperature, °R

MPS air supply total temperature, °R

SRB air supply total temperature, °R

freestream static temperature, °R

vertical force, p_rpendicular to nozzle-j
axis, lb.

vertical tail center-of-pressure, longitudinal
location, in.

wing center-of-pressure, longitudinal
location, in.

orbiter nose station, in.

location of forward vertical gauge, in.

14
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Plot

S_xmbol

XNjN2

XNjYI

XNjY2

XNRCj

Xo, X0

Xs, XB

XT

XTMVG

XTMWG

XVRC

XWRC

XYICP

XY2CP

Xy3CP

XY5CP

XY6CP

Mnemonic

XMRP

XO

XS

XT

XMRP

XMRP

XYCPIN

XYCP2N

XYCP3N

XYCP5N

XYCP6N

NOMENCLATURE (Continued)

Definition

location of aft vertical gauge, in.

location of forward horizontal gauge, in.

location of aft horizontal gauge, in.

nozzle moment reference center (X station), in.

orbiter longitudinal location, in.

SRB longitudinal location, in.

ET longitudinal location, in.

longitudinal location of vertical tail-root

torsional gauge, in.

longitudinal location of wing-root torsional

gauge, in.

longitudinal (station) location of vertical

tail reference center, in.

longitudinal (station) location of wing

reference center, in.

orbiter top center MPS nozzle horizontal

plane center-of-pressure coefficient

orbiter LH MPS nozzle horizontal plane

center-of-pressure coefficient

orbiter RH MPS nozzle horizontal plane

center-of-pressure coefficient

RH SRB nozzle horizontal plane center-of-

pressure coefficient

orbiter LH OMS nozzle horizontal plane

center-of-pressure coefficient

15



NOMENCLATURE (Continued)

Plot

Symbol

XNICP

XN2CP

XN3CP

XN5CP

XN6CP

YBMwI

YNRCj

YBMw0

YCPV

YCPW

Yo, YO

Ys

YT

YWRC

ZBMVo

ZBMVT

Mnemonic

XZCPIN

XZCP2N

XZCP3N

XZCP5N

XZCP6N

YVCP

YWCP

YO

YS

YT

YMRP

Definition

orbiter top center MPS nozzle vertical plane
center-of-pressure coefficient

orbiter LH MPS nozzle vertical plane
center-of-pressure coefficient

orbiter RH MPS nozzle vertical plane
center-of-pressure coefficient

RH SRB nozzle vertical plane center-of-pressure
coefficient

orbiter LH OMS nozzle vertical plane
center-of-pressure coefficient

lateral location of inboard wing-root bending
gauge, in.

moment reference center (Y, buttline), in.

lateral location of outboard wing-root
bending gauge, in.

vertical tail center-of-pressure, lateral
location, in.

wing center-of-pressure, lateral location, in.

orbiter lateral location, in.

SRB lateral location, in.

ET lateral location, in.

lateral (buttplane) location of wing reference
center, in.

vertical location of outboard vertical tail-root
bending gauge, in.

vertical location of inboard vertical tail-root

bending gauge, in.

16



NOMENCLATURE (Continued)

Plot

S_jLmboI

ZCPv

ZVRC

Z o , Z0

Zs

ZT

Mnemonic

ZMRP

ZO

ZS

ZT

Definition

vertical tail center-of-pressure vertical
location, in.

vertical (waterplane) location of vertical
tail reference center, in.

orbiter vertical location, in.

SRB vertical location, in.

ET vertical location, in.

o&

_Nj

B

YNj

aBF

aEl

aEO

_R

aSB

_Nj

61-5

ALPHA

BETA

BDFLAP

ELV-IB

ELV-OB

RUDDER

SPDBRK

Deflections

model angle-of-attack, degrees

pitch-angle of nozzle-j axis in a plane parallel
to the orbiter plane of symmetry, degrees

model angle-of-sideslip, degrees

pitch-angle of nozzle-j axis in a plane which
yaws with the nozzle, degrees

bodyflap setting, degrees

inboard elevon setting, degrees

outboard elevon setting, degrees

rudder setting, degrees

speedbrake setting, degrees

yaw-angle of nozzle-j axis in an orbiter
waterplane, degrees

nozzle gimbal deflection angle, deg.

17



NOMENCLATURE (Concluded)

SUBSCRIPTS

B

E

G

I

O, o

R

S, s

T

V

W

C

e

i

J

k

1

r

O0

base, body, bending

elevon

gauge

inboard

outboard, orbiter

rudder

solid rocket booster

external tank, total, torsion

vertical tail

wing

chamber

exit

surface pressure-tap number

nozzle number

ET-base calorimeter number

left

right

static freestream

18
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CONFIGURATIONS INVESTIGATED

Model 88-0TS was a O.020-scale replica of the configuration 140C

(modified) integrated SSV with short OMS pods and active cold air MPS and

SRM plume simulation.

The model was instrumented for MPS and SRM system chamber and nozzle

exit pressures, plume simulation control, and system total temperatures.

The rudder and the inboard and outboard left-hand elevons were strain-

gauged for hinge moments and the wing and vertical tail were instrumented

for root bending and torsional moments.

Each of the MPS nozzles, the right-hand SRM nozzle, and the left-hand

OMS nozzle were strain-gauged for gimbal-centered moments and forces in

two planes of action.

Arranged for recording via 12 Scanivalve modules in three gangs were

187 model surface pressure taps, This instrumentation included 40 nozzle

exterior taps on the left-hand SRM nozzle.

Base region of the ET was fitted with four thermocouple-calorimeter

assemblies for measuring aspiration-induced cooling rates. However,

these assemblies were not operational because of installation/model

errors.

See table IV for various model nozzle and control surface deflections

and tables VII through XI for locations of surface pressure taps.
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CONFIGURATIONS INVESTIGATED (Continued)

Configurations tested are described as follows:

OTS-I

OTS-2

basic configuration with pressure-instrumented
left SRB

OTS-I with left SRB heat shield

Individual components are described below and in table III.

Component Definition

B62 fuselage

C12 canopy

E52 elevon

FIO bodyflap

MI6 OMS/RCS pods

N87 MPS nozzles, conical

N89 OMS nozzles

R5 rudder/speedbrake

V8 vertical tail

WI27 wing

T31 external tank

AT28 attach structure

AT31 attach structure

AT32 attach structure

Orbiter

ET

2O



Component

FLIo

FLII

FRIo

PT22

PT23

PT24

PT25

PT26

PT27

N88

PSll

PSI2

PSI3

PSI4

PSI7

PSI8

PSI9

S22

CONFIGURATIONS INVESTIGATED (Concluded)

Defi ni ti on

feedl i ne

feedl i ne

aft attach crossbeam

ET protuberances

ET protuberances

ET protuberances

ET protuberances

ET protuberances

ET protuberances

SRB nozzle

SRB protuberances

SRB protuberances

SRB protuberances

SRB protuberances

SRB protuberances

SRB protuberances

SRB protuberances

solid rocket booster

ET

SRB

21



TESTFACILITYDESCRIPTION

The Ames Research Center Unitary Plan ll- by ll-foot Transonic Wind

Tunnel is a closed-circuit, air-medium, variable-density facility capable

of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from 1.7 x

106/ft to 9.4 x 106/ft. The test section is 22 feet long, and models are

installed on internal strain-gauge balances mounted to sting-type support

systems.

Shadowgraph and Schlieren photographic equipment is available, and

pressure transducer instrumentation is provided.

Tunnel operating temperature is 580°R. Extended high Reynolds number

runs are restricted by power availability.
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DATA REDUCTION

Standard NASA/ARC methods were used to reduce wing and vertical tail

root bending moment data and rudder and elevon hinge moment data. Pres-

sure ratios were calculated for each of the plume simulation nozzles, and

pressure coefficients were computed for each of the operating surface

static taps.

The test data consisted of:

(I) Pressures

(a) orbiter vent locations

(b) model base regions

(c) left SRB nozzle external surface

(2) Wing panel loads

(3) Vertical tail panel loads

(4) Inboard and outboard elevon hinge moments

(5) Rudder hinge moments

(6) Nozzle gimbal moments

Effects of Main engine and SRB engine plumes on these items were investi-

gated during the test. Data were reduced and are presented in the data

figures to show these effects.

All pressure data were reduced to coefficients as follows:

Pi - P_
CPi = q_

Vent pressures are presented both individually and as an average of

pressures located in the vicinity of a particular vent. The averages
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DATA REDUCTION (Continued)

were computed as follows:

SCp i

CPjA = k

where:

i = tap number

k = number of taps

JA k i VALUES

3A 4

4A 4

5A 4

6A 4

7A 4

8A 4

lIA 4

13A 4

14A 3

17A 4

18A 4

19A 4

20A 4

21A 4

22, 24, 26, 28

30, 32, 36, 38

40, 42, 44, 46

48, 50, 54, 56

60, 62, 64, 66

68, 70, 67, 69

76, 78, 80, 81

21, 23, 25, 27

29, 31, 35

39, 41, 43, 45

47, 49, 53, 55

59, 61, 63, 65

67, 69, 71, 73

75, 77, 79, 82

Individual pressures used for the averaging process were generally

located at corners of a vent. Pressure taps 33, 34, 37, 51, 52, 57,

and 58 were not averaged.

Base pressures were used to calculate a weighted average base

pressure coefficient on each model component as follows:

24



where:

Cpbj

DATA REDUCTION (Continued)

ZAiCpL, i = tap number

Abj j = ORB, ET, SRB

i
(TAP NO. )

371

372

373

374

375

376

377

378

379

380

381

713

714

715

716

717

718

719

720

721

722

723

724

ORBITER ET

Ai i Ai/AbE T/AboRB (TAP NO.)

541

11 8058O7
810
811
812
814
818
819
82O
821
823
825
826
831
834

.02964

.1018

.I018

.02964

.1008

.0266

.0266

.1108

.2216

.1108

.0261

.I144

.0522

.0522

.0119

.0355

.0474

.0121

.0483

.0030

.2037

SRB

(TAPINO.) Ai/AbsR B

621 0.33
623 0.33
624 0.33

Wing bending and torsional moment and normal force data were reduced

to coefficient form as follows:

BMW
CBW = q Sw bw

CTW = TMW
q_SW cW
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where:

CNW -

DATA REDUCTION (Continued)

NFw

q.Sw

CONSTANT

SW, ft. 2

bW, in.

cW, in.

MRP:

XO, in.

Yo,in.

FULL

SCALE

2690.0

936.68

474.8

1307.0

106.0

VALUE

MODEL
SCALE

1.076

18.734

9.496

26.140

2.120

Wing center-of-pressure XCpW was also calculated and is presented

in model coordinates X0 and YO"

Vertical tail root-bending and torsional moment, and side force

coefficient_ were similarly calculated:

where:

BMv

CBv - q®Svbv

TMv

CTv = q.SvEv

CyV = SFv
q.Sv
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DATA REDUCTION (Continued)

CONSTANT

SV, ft. 2

bV, in.

_V, in.

_RP:

XO, in.

ZO, in.

FULL SCALE

413.25

315.72

199.81

1414.3

503.0

VALUE
MODEL SCALE

0.1653

6.314

3. 996

28.286

10.060

Vertical tail center-of-pressure XCPv was calculated and is presen-

ted in model coordinates XO, ZO.

Elevon and rudder hinge moments were reduced to coefficient fom as

follows:

HMi
Chi = - , i =q,Si ci

El, EO, R

where:

CONSTANT

Si , ft. 2..

Full Scale

Model Scale

C i , in.:

Full Scale

Model Scale

cONTRoL SURFACE

IN BDARD, OUTBOARD RUDDER
TOTAL ELEVON

210.0

O. 084

90.7

1.814

100.15

0.04006

73.20

1.464
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DATAREDUCTION(Continued)

Inboard and outboard elevon hinge momentcoefficients were summed

up to calculate the total elevon hinge momentcoefficient.

Nozzle gimbal momentsand forces were reduced to coefficients.

momentswere reduced about the gimbal point of the respective nozzle

they represented. These coefficients were defined as follows:

where:

A11

Vj (j = nozzle)
CVj = q_Sj

CHj -

Hj

q®Sj

NjGMN

CNjGMN - q Sj Cj

NjGMY
CNjGMY : cLoSj _j

NOZZLE

TOP MPS

LEFT MPS

RIGHT MPS

RIGHT SRB

LEFT OMS

Sj, ft. 2
FULL MODEL
SCALE SCALE

44.90 .01796

44.90 .01796

44.90 .01796

115.70 .04628

13.60 .00544

FULL
SCALE

MODEL
SCALE

2.424

2.424

2.424

2.8739

1.120

MRP, in. Xl_

FULL
SCALE

121.20

121.20

121.20

143.695

56. O0

2186.0

2209.2

2209.2

2418.0

2259.0

MODEL
SCALE

43.720

44.184

44.184

48.360

45.180

Note that the left SRB nozzle (No. 4) was not instrumented with a

hinge moment gauge, but instead was instrumented to measure pressures.
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DATA REDUCTION (Concluded)

Longitudinal and lateral center-of-pressure locations (XNjCP , and XyjCP)

on each nozzle were calculated and are presented as a fraction of the

reference length from the gimbal point.
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CONCLUDINGREMARKS

Several data error aspects are worthy of discussion. In each case,

instrumentation dependability and responsiveness appeared as critical

factors.

The external tank base cooling segmentof the test had to be deleted

because of the improper construction of the heat-flux calorimeters in-

stalled in the model. The tunnel data acquisition system was not compat-

ible with the type of calorimeters used.

Elevon and rudder hinge moments and wing and vertical tail root bend-

ing moments were consistently good, and no unusual analytical problems are

presented by those data.

However, the five gimbal-moment instrumentation packages showed sig-

nificant zero shifts, sometimes on the order of the values being measured

for nominal deflection configurations. Thermal compensation problems and

thermal stress preloading of the gauges appeared to be the major difficulty.

Surface static and base region pressure data were at times adversely

affected by undependable Scanivalve calibration and reference systems.

Beginning with run 38, forward orbiter fuselage surface pressure data

were lost. Also, ET base pressures were not obtainable during runs 160

through 177.

Nozzle control pressure instrumentation was exceptionally good, and

the loss of the MPS system total temperature thermocouple from run 73

on did not present any problems.
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l

TEST : IA72

TABLE I.

l
TEST CONDITIONS

DATE :6-I 6-75

J

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE

MACHNUMBER (perunit length) (pounds/sq.inch) (degreesFahrenheit)

0.90 2.8 X i'o0/ft. "3.3 80

1.10

1.25

l.40

4.0

4.2

4.2

4.5

4.9

5.8

6.2

6.3

BALANCE UTILIZED: NONE

NF

SF

AF

PM

RM

YM

CAPACITY:
COEFFICIENT

ACCURACY: TOLERANCE:

COMMENTS:
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.l. _,.+,-_COMI_ONL3I'f:

o_,_;['£RALDESCRiP]E£0N:

Z members

MODEL SCALE:

bRDt,,'INGNO. •

DI];_;!.'.SIONS •

TABLE III

MODEL DIMENSIONAL DATA

ATTACi! STRUCTURE - ATZ8

Rear orb]tear to ET attach structur{. (].eft& righl hand)

Diameter, In.

O. 020

\rL78-000063, -00006ZD

M/C,[BE[]

#i

@-

#I

MODEL DF&WING NO. :

Fuu_ ,_cs_u,: MOi)Et,sc_'.tu:

xo .A_A 7-_9..o__ z6 ..34

Yo - 96, 50 (LH) - I. 930

96.50 (RH) 1,930

z° z6-t.50 5.350

xm zosg.oo 4i. I6

YT -1Z5.68 (Llt) - Z.514

_.L%_ 75:___ (RH) z. _ ]4IZa. (,, ....

ZT 515.5

Xo 1317.00

Xo - 96.50 (L_)

96,50 (RH)

zo Z67.50

x T 1877..0

YT -] Z5. 68 (LH)

z_ 5o4.5

11.5

15.5

]0.310

26. 34

-].930

I. 930

5. 350

3'7.44

-Z. 5]4

Z.514

I0. 090

0. Z30

0. 310
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TABLEIII (Cont'd)

MOD_ CON.PONENT: LTTACH STIIUC'IVRE-- AT 31

GENERLL _ T ,DEoCVL.PU_J(,_: Rear ET to SRI5 attach structure (LII _ 1117)(3 n2:,:_½_rs)

MODn_L SCLLE: 0. 0Z0 MODEL DR,_KING:

D_WXN.3 N0.: VLTS-0000(>3, -00006ZB, -000066

DIM_N i;IOl,i ;_;: MEMI_ER FLU3L SCALE MODEl, SC_Lt'

#i XT
YT

2058.00 4l. 16

-17_. 50 (LH) - 3. 430
.... F,_IC 50--(RH) .... 3--43-0--

ZT

Xs
Y
Z s

B

XT
YT

ZT
..

X
8

Ys
Z s

__452L.oo
_ l_blL o_0_9__

53. Z4
-- .-57FUO--

_._'g._0_LS__00
_ _(,!___q, _

.... 4_42t.81

1511. O0

76.56
15.73

2058.00

-16]. 7Z

°_21__Oll__

1511.0

53. 24

- 57.00

_.3 o__z __
i. 064

"'---T:-I-40---

____4L l_L6____

8. _Lq__

30. ZZ

1. 531
0.315.

41. 16

3. 7-34

30.22

1. 065
..... i.-iiib--

#3 XT

YT

Z, r

Xs

Ys

Z s

Diameter of membel-s, In. :

#a
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TABLEIII (Conf,'d¢

M__'D_LC0MPO_';T: ATTACH _,f.o_.i_nr..-f,'i'3g

G[I'hZRALDESCRIVI'ION: Forw;trd orbiter/ET attach structure (Z member structure)

(_MODEl, oCALE:

DEA;._NG N0. :

DI3_qSIONS:

0.0Z0

VL78-000062B, Martin Marietta 82600209 14

FULL SCALEMEMB_

Attach point on orbiter ZT= 614.

#e

Attach point on tank

Diameter, In.

.MODEL SC_ LE

Ks 388. 15 7. 763

o.o o.o

Zo LWR ML LWR ML

XT 1IZ9.9 ZZ. 598

XT 46.50 0.930

z,r 56z. 58 ] ]. Z5Z

Xo 388. IS 7. 763

¥o 0.0 0.0

Zo LWR ML LWR ML

XT 11Z9.9 ZZ. 598 .

IT -46.50 - 0.930

ZT 56Z. 58 II. ZSZ

6.0 0. lZ0

., 6, 0 0. lZ0
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TABLE Ill. (Cont'd)

MODEL COMPOIIIFH] " : BODY - B62

GENERAL DESCRIPTION Configuration 140C orbiter fu_e]age, _ (J:] _ ZOO-.R4.

Simil_.,r to ]_40A/_B fus{.ia2_aft hod,/ Ievised t&irr, proved midbody-

wi -_,L.,fi_iring____." _{_40 to__ = 104(I.

S,__AI,E: 0.020MODE L "_

DRAWING NUMBER VL70-000140C, -000202C,

"V-L-T_-UG O-EgO_ "--FO'U2"G.;

.-000205A

DIMENSIONS '

Length (IML: Fwd Sta Xo=238), In.

Length (OML: Fwd Sta 2_ = 235),In.

Max Width (At Xo= 1528.3), In.

Max Deplh (At Y_ --. 1464:), In.

Fineness Ratio

(OML Length/ivlax. Width)
Area - Ft 2

FULL SCALE

1290.3

1293.3

Max. Cross-Sectional

Plan form

Welied

Base

264.0

250.00

4.899

340. 885

MODEL SCALE
25. 806

25.8 66

5. 280

5.00

4.8{)9

O. 136
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TABLE III (Con.t'd)

MODEL COMPONENT :, CANOPY - ..C_12

GENERAL DESCRIPTION : Configuration 140C orbiter canopy,

,p

vehicle

cabin updated to MCR 200.-R4. Used with fusehge _.

_J

MODEL SCALE: 0.0Z0

DRAWING NUMBER VLT0-000140C, -000ZOZB, -000204

DIMENSIONS ' FULL SCALE MODEL SCALE

Length (Xo= 434. 645-578), In,
143. 357 Z. 867

152. 412 3. 048

I. 032

Max Width( At X = 513. 127), In.
O

Max Depth (At 2"% = 501 to 449.39),In. 51.61

Fineness Ratio

Al'ea

Max_ Cross-Sectional

Pla.form

Wetted

Bas@
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MODELCOMPONENT:

TABLE III.

ELEVON - _Esz

(Conrad)

GENERAL DESCRIPTION: Elevon for configuration 140C. Itingeline at X o = 1387,

elevon split line Xu = 312.5, 6. 0" gaps, !),z_velededgcs__and ccnt_rbodies.

MODEl, SCAI.,F]: O. OZO

DRAWING NUMBER: VLT0- 000 40q,

DIMENSIONS:

Area- Ftz

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord , In.

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Tai Iing Edge

Hingelln_Product of a_ea & _)

Area Moment (I_%x..t___l,m_) Ft 3

Mean Aerodynamic Chord, In.

Hingeline dihedral (origirl at

Z = ?.61.3509), deg.
o

-006089, -00609Z, SS-A01Z60

FULL-SCALE MODEL SCALE

ZI0.0 0. 084

3_4_Zg_______ 6.984

))9.Q z.3_6O

55. I___ l, 104

0. Z096 0. Z096

0.4004 0. 4004

O 0

- IO. O56 -_ .LD_AL%.k__

o. 0 _.00,0

1587.25

90.7 I.814

5. ZZ9 5. 229
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TABLE III. (Cont'd)

P,ODEL COMPONENT : BODY FLAP - F
!0

GEHERAL DESCRIPTION : Confi_urati£n..140C body flap. Hingeline

located at Xo = ]53.2, Z o= 287.

MODEL SCAf.,E: O. OZO

DRAWING NUMBER" . VL70-000140C, -355114

DIMENSIONS ' FULL SCALE MODEL SCALE

Length(X = 1525.5 to X =1613),In.O O

Max Width (At L.E., X o= 1525.5),In+

M_xDepth(X o = 1532), In.

Fineness Ratio

Area - T't 2

Max. C¢oss-Sectional (At H.L.,) J

87.50 I. 750

256.00 5. 12

19. 798 0. 594

Plan form

Wetted

Base
(Xo= 1613)

35. 176 __0. 0140

135.00 0. 0540
i s

4- ra __g_IJ____
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TABLE III.(Cont,d) _.

r

I',ODLI_ COMPON[NF" F'EIF]DLIIN_E , FL10

GENEI_AL DESCRIPTION: LI!_ feedline on upper left-hand side of T28.

MODEL SCALE: 0.020

DRAWING NO,: VL7_..000063, -000062}3

DIMENSIONS:

Leading edge at:

Trailing edge at:

Line diameter (17. o I.D.)

FULl. SCALE MODEL SCALE

XT 2071.5 41. 430

YT _- 7o. o __-_l.__dl__

ZT 573.934 11.479

XT 2081.8 41. 636

YT - 70. oo - z. l 0

ZT 584. 059 II. 681

18. 160 O. 363
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TABLE III (Cont'd)'

MODEL COMPONENT: FEEDLINE .. FLLI

GENERAL DESCRIPTION: LOX feedline on uI?[).e!" _fright-hand of T2_8.

MODEL SCALE: O. OZO

DRAWlNG I,'0. :...... __VLT_§.-!!OC)O63z.. _- 000062B

DIMENSIONS:

Leading edge at:

Trailing edge at:

Line diameter (17.- I.D.)

\.

XT

YT

ZT

XT

YT

ZT

FULL SCALE

I000. 667

..... 7 0,_9__0_

150.519

Z071.5

70.00

MODEL SCALE

ZO.O]3

].40

3.010

41. 430

_ 1. 400

__.LI__4_73__

O, 363
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TABLE III (Cont'd)

MODEL COMPONENT: FAIRING - FR10

GENERAL DESCRIPTION: Umbilical door fairing between aft ET/orbiter

attach structure.

MODEl, SCALE :

DRAWING NO. :

DIMENSIONS:

0. 020

VL78-000063,

Leading edge at X T

Length

Width

-000062B, Martin Marietta 82-6002-07000

FULL SCALE

205 2.0

193.00

15.00

MODEL SCALE

41. 040

3. 860

0. 300
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TABLE III.(Cont'd)

MODELCOiqPONEHT : O]'v_. PO_ D-- M16 -

GENERAL DESCRIPTION : Configuration 140C orbiter OMS pod - short

Dod.

MODEL SCALE: O, OZO

DRAWING NUMBER VL70-008401, -008410

DIMENSIONS : FULL SCALE MODEL SCALE

Length (OMS Fwd StaX :1310.5),In. 258.50

MaxWidtl(At X = 1511), In. 136.8
O

Max Depth (At X = 15] l), In. 74. 70
O

Fineness Ratio Z. 484

Area - Ft z 58__864

Ma×. Cross-Sectional

Plonform

5. 170

2. 736

I.494

2..484

0. 024

Wetted

Boise
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TABLE III (Cont'd)

MODET_ COM]_J)NEN_£: MLoS I'_0ZZLES -. N87

GENEPJtL DESCRIPTION: Flow-throuKh MPS nozzles_____

MODEL SCt_LE: __Q_O_Q

Dib":L!NG NU_4BI_I_: SS-A.01 Z79

1.55, Z.0, 2. Z, 2.6, 3.0, 3.5

Length - In.

Gimbal Point to Exit Plane

Throat to Exit Plane

Dia!aeter - In.

Exit

Throat

inlet

Area - ft 2

Exit

Throat

Gimbal Point (._2tlOn)

l_ppe r Nozzle
X
yO .

0
Zo

In.

Lo'_er Nozzles

Xo

Yo

Z o

Null Position- fx:_.

Upper Nozzle
Pitch

Yaw

Lower Nozz].e

Pi tch

FUIL SC_'_E MODEL SCAI_

157.0 3. 140

1_1.55 _.3_,_631

90.435 1,809
z3,35O ____AJ_____

44. 607 0. 078

z.__9_/!.

1445. O0 _2S. 99__.__

__ o, o _.O_,_Q....
___.4.4_i.__ P. aS0 _

1468.17 Z__,_363__/_____

± 53.0 ±1.06

342.64 _ 6,853

16 16

0 0

10 I0

0 __ _._.0.
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TABLE III (Cont'd)

MODgIL COMPOHENT: SRB NOZZLES - N,q_

G};:N]':PAL DESCP, II_I_ION: Flow-thr ou_I!_SRB nozzle simulator = 7.0 p_E_totype.

MODEL SCALE: O. 020

DPJ'',!INGNI_4B'2R: SS-A01Z81

DI[_J;:NSIONS:

M;_CH NO. 1.55, Z. 0, g. 2, Z. 6, 3.0, 3.5

Length - In.

Gimbal Po_.nt to ]£xit Plane

Throat t,o Exit Plane

Diameter .- In.

Exit

Throat

Inlet

Area- ft 2

Exit

Throat

Oimbal Point (Station) -. In.

YB
Z

Lo;;er Nozzles

X

Y

Z

Null Po:_ition - Deg.

_'_e_.J_._.':_"_"_'" Upper Nozzle

Pitch 1

Yaw

Lo_,'e _" N,Jzz!e

i_: t ch

y'-_ _.;

FUT_J,SC_/_E_ MODEL SCALE

86.8

112.135

1.736

2.243

2.886

].29]

144. Z9 0

64.53

356.738 0.143

. zz_A/!_2 p_,_qoo___

38.052

_ '5. 010 ....

0

0
_,_ J ,
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MODEL CO_OI,_T:

TABLE IIl (Cont'd)

OMS NOZZLE- N89

GENEIL_L DESCRIPPION: OMS Nozzle in stowed positioD which _s outboard

....8 deg_and d_ow___nn7de____g from null position. Use with MI. _.

MODEL SCALE:

DP_fNG _UMBi_R:

DIM3ANSIONS:

_{CH NO.

Length - In.

O. OZO

SS-A01279

FULl, SC_'LE MODEL SCALE

Gimbal Point to Exit Plane

Throat to Exit Plane

Diameter - In.

Exit

Throat

Inlet

Area - ft2

Exit

Throat

Gimbal Point (Station)

X o
Y

Z o
o

Lower Nozzle s

X

Y

Z

In.

Null Position - Deg.

Pitch

Yaw

Lo_e r Nozzle

Pitch

Yaw

_1518.00
8g. O0

1.12

1. O0

__30.360
1.76

9. 840 .

0 t

Vq07
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TABLE III (,toni'd,)

MODEL COMPONENT: ELECTRICAL TUNNEL - PSll

•GENERAL DESCRIPTION:

ele ctr ical wire s.

Tunnel running longitudinnlly on the SRB for

MODEL SCALE: 0.0Z0

DRAWING NO.: VC77-000002

DIMENSIONS:

Width, In.

Radius, hl.

Height, In.

Leading edge at Sta.

L.E. sweepback angle, deg.

.FULL SCALE

5.70

5.70

4. 70

494.70

30.00

MODEL SCAI,E

0. 114

O. 114

0. 094

9. 894

30. 0
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TABLE III (Cont'd)

MOD}_,]L COMI'ONENT: CIRCUMFERENTIAI., STII,'3:]_NER - PS12 '

GENFJt:_AL DESCRII_TION: ]?our ring stiffeners .loc;tted n t the aft end of

t"the solid rocket boosters. The safxen_,r "_lo a curved 1-beam.

MODEL SCALE:

DRAWING NO. :

DIME NS IONS:

Height, In.

Length, In.

Locations;

O. 0Z0

VC77-00000Z

xB=

FULL SCALE

2,5

2.0

I602.00

1644.00

1729.00

1771.00

MODEL SC ALE

0,05

0, 04

32, 04

3Z. 88

34.58

35.42
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TABLE III (.Cont 'd)

]M_ODEL COMPONENT: CII_CUMFERENTIAL STIFFENER - PSI3

GI_i'qERAI_ JD/'I',SCRiP]']ON: Ring stiffener located at the point wh_re

the s]drt flares. The stiffener is l-beam.

MOD]_L SCALE: 0.0X0

DRAWING NO.: VC77-00000Z

DIMENSIONS:

Height, In.

Length, Ln.

Location ccnterline
X B

FULL SCALE

6.50

4. 00

]833.70

MODEL SCA.I_E

0. 130

0. O8O

36, 674
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T_I_ III (.Cont'd)

MODEL COMPONENT: SOL!_DROCKET ]3OOSTER, EXTERNAL TANK
ATTACH- PS14

GENERAL DESCRIPTION: Two-ring stJffer,ers ]ocatedat aft end of solid

rocket boosters. The stiffener is curved I-beam.

MODEL SCALE: 0.0Z0

DRAWING NO. : VC77-00000Z

DIMENSIONS; FULL SCA.LE

Height, In. 8. 00

Length, In. 3.00

Locatior, centerline X B 151 ]. 00

MODEL SCALE

0. 160

0, 060

30. ZZ
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TABLEIll _Con_' d,_

MODEL COMI._ONENT: SRI3 PRO'I'UI::EI(ANC]!; -. PS17

GENERAL ""_ ," T,,.DE,._v_IP i I(D,,. Electrical connecting box mounted on top o_

PS14.

MODEL SCALE: 0.0Z0

DRAWING NO. : Hone

DIMENSIONS:

Width, In.

Depth, ]_i.

CenterIine of box .located 15" inboard

from vertical pla_;e of symmetry.

FULL SCALE

60.0

17.5

MODEL SCALE

I. Z0

0.35
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TABLEIII (Cont'd)

MODEL COMPONENT: SRB PROTUBF_R/X,NCE - PSI8

GENERAL DESCRIPTION: Tie-down fixtures mounted on the aft skirt.

Total of four mounted 30° on both sides of vertical p_ne of symmetry.

MODEL SCALE: 0.020

DRAWING NO. : None

DIMENS!ONS:

Sta. ofL. E. (XiO

Sta. of T.E. (X B_

Max. Width, In.

Height, In.

FULl, SCALE

1861. Z

19Z5.2

14,2

8.3

MODEL SC ALI.I

37, Zg4

38, 5 04

O. 284

O. 166
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TABLE III (Cont'd)

MODEL COMPONENT: SRB PROTUBERANCES - PSI9

GE]N-EICAL DESCRIPTION: Aft separation motor pod mounted on aft skirt

_t ZO ° inboard from top vertical plane of symmetry.

MODEL SCALE: 0.0Z0

DRAWING NO. : None

DIMENSIONS: FULL SCALE

Width, In. 14.0

Height, in. (at T.E.) 19.0

Sweepback of L.E., Deg. 15.0

MODEL SCALE

0. Z8

0.38

15.0

1
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MODEL COMPONENT:

GENERAL DESCRIPTION:

TABLE. III (Cont'd)

ET PROTUBERANC]_ - P.I_I

Left-har, d electrical conduit 111,c on T2,_8..:

MODEL SCALE:

DRAWING NO.:

DIMENSIONS:

0.020

VL78 -00 O063_,_VL78 -0000 6Z15

Leading edge at: XT

YT

ZT

Trailing edge at: XT

YT

ZT

Line diameter

Centerline of line located radially at B= 35.5 °

FULL SCALE MODEL SCALE

1084.333 21. 687

- 9_9_52_I __-._A____9_2.....

- ]39.6_20 - z, 79_z_

__2,.0..5B_._.0.0.... 42..],6.0__

- .9_9.,_.59_1 . ... 1.,9_9_.?.,___

-.____1__9_._620 ._-__Z ...7_9_Z__

Z. Ox6.0 O. 04xO. 12.
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TABLE III (Cont'd)

MODEL. COMPONENT'. .....___ET.."i'-!.__(_).T__c_B__-i___A_:_cE__-_I___T_z3

GENERAL DESCRIPTION" ],0_< recircu];_!Lion line on ?7.jsht-h_xgd__u_p2t:r side of

_r_z_,.

MODEL SCALE:

DRAWING NO.:

DIMENS!ONS:

O. 020

VL 7:_-O_QO06 _ -__09O06 Z}3,

Leading edge at: XT

YT

ZT

Trailing edge at: XT

YT

ZT

Line diameter

Centerline ef line located radially at _=

Ma.rt_.n Marietta 82600207000

FULL SCALE

1040.667

_._3_4,_159

540,_9__3_4

Z062. 920

70. 000

573. 934

4.0

MODEL SCALE

20.813

....]. 88_____.

II.8!9__

41. 258

I.400

Ii. 479

O. 080

35o45 ,
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TABLEIII (Cent ' d)

MODEL COMPONENT: ET PROTUBERANCE - ]_T24

GENERAL DESCRIPTION: LH 2 recirc_ulation line on T28.

MODEL SCALE: 0.020

DRAWING NO.: VL78-000063,

DIMENSIONS:

Leading edge at:

Trailing edge at:

Line diameter

Centerline of line located radially

-000062B, Martin Marietta 82600207000

at

FULL SCALE MODEL SCALE

XT 1040.667 ZO. 813

YT _4,_169_ - I.883

ZT 54 0_,__34 ] I. 81_9___

XT 2062.920 41. 258

YT - 70. 000 -l. 400

ZT 573..,__9__34 ] 1 __42_9___

4.0 0. 080

_)= 33 °45'
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TABLEIII (Cont'd)

MODEL COMF'Of_ENT: ,F,TPROTUBERANCE_- P____TI5

GENERAL DESCRIPTION: Right-hand aft electrical conduit line on TZ8

with LH pressure sensor line and LOX vent valve actuator line.
2-

MODEL SCALE:k o. 02--0_

DRAWING NO. : VL78-000063,

DIMENSIONS:

-000062B ,

Leading edge at: XT

YT

ZT

Trailing edge at: XT

YT

ZT

Line diameter

Centerline of line located radially at _=

Martin Marietta 82600Z07000

35.5 °

FULl_ SCALE MODEl. SCALE

1084. 333 21. 687

99.591 1.992

139. 620 Z. 79Z

2058.000 4]. 160

99. 591 I. 99Z

139.6ZO .Z_.Z

Z. Ox 6.0 O.04x O. IZ
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TA_EIII (Cont'd)

MODEl. COHPONENT:

GENERAl. DESCRIPTION"

GT PR OTUI33_RANGT_j_y_ P TL26.

LOX pressure line on the T-, R ,

MODEL SCALE:

DRAWING NO."

DIMENSIONS:

0. 020

VL78-000063,__.Z00006ZB, Martin Marietla 8260020"7000

Leading edge at: XT

YT

ZT

Trailing edge at: XT

YT

ZT

Line diameter

Centerline of line located radially at _= 27 °

FULL SCALE MODEL SCALE

. 3_6.0.2.3_3 ....... 7__ZI_5.....

15. 145 0. 303

._9_7_,d!f_ ........ 8.._15__4.___..

2083.5 4].670

63, 25 .__L._65

6O9.00 12. 18

____C___ _._K 04o _
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TABLE III (Cont'd)

MODEL COMPONENT: ET PROTUBERANCE - PT2__

GENERAL DESCRIPI lOti: Electrical conduit on the right-hand forward section

28' --

MODEL SCALE: O. OZO

DRAWING NO. : VLY8-OOOO6ZB

DIMENSIONS:

Leading edge at: XT

YT

ZT

Trailing edge at" XT

YT

ZT

Line diameter

Centerline of line located radially at @= 47.5 °

FULL SCALE

_60__733

11. 549_

412. 474

876. 273

226. I14

646. 774

MODEL SCALE

O. 231

8. 249

17. 525

4. 522

12.935
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MOSEL COMPONENT:

TABLE III (Cont'd)

RUDDEt_ - _.5--__--:

GENEPJ_L DESCRIPTION: Configuration 140C orbit(,_ rudde r ( identical to

..__nfig, r_tir, n 14O/_/F3 vlJdrl_'*')

DRAWING NUMBER: VLTO- 000146B, -000O95

DIMENSIONS: FULL-SCALE MODEL SCALE

Area - F 2 I00. 15 O. 0040

Span (equivalent) , In. ?.01,O0 4, 02

Inb'd equivalent chord, In. 91,585 ]. 832

Outb'd equivalent chord, In. 5 o. 833 I__.__01.7

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord O, 400._ _9,400 .

At Outb'd equiv, chord O. 400 0._400

Sweep Back Angles, degrees

Leading Edge

Trailing Edge _

Hingel!ne _ 34.83 _ 34. 83
(Product of area and c) 3

Area Moment (_N_4F_c1_,._xl_r_), Ft _61_____. O. on4g

Mear, Aerodynamic Chord, In. 73.2 1.464
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TABLE III (Cont'd)

MODEL COMPONEHT : BOOSTER s_QL_!).__,cLQ_OJ_t__]C_OTOR - S_

GENERAL DESCRIPTION : The BSRM is an external propulsion system

which is jettisoned and recoverable after bur:,out. The BSRM's can

be refurbished and reused after recovc, r_.__

MODEL SCALE: 00,__0_._2,0_

, _'_......__.DRAWING NUMBER VC?7-ooooozC vC?O.,OO,3OO,..C_j, VC72-,000002,C

DIMENSIONS:

Length , In.

Max Width (Tan_k Dia., )In.

Max Depth (Aft shroud dia. ), In.

Fineness Ratio

Area .- Ft 2

Max. Cross-Sectional

Plan form

Wetied

B(lse

WP of I%SRM Centerli.ne (ZT)

FS of BSRM nose (X T)

BP of BSRM centc,rline (Y T)

FULl_ SCALE

_J_1.6fL___

]4&.9.o__

___Zg_Ig___

236. 423

400.0

74B. 0

250.5

MODEL SCALE

_._3.5.. "zgz :

____z., 9,X_ _

.___ _,5._&...._..

_o. ogh .....

8.0

14. 860

5.010
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TABLEIII (Cont'd) r

MODEL COMPONENT : EXTERNAL TANK - T31

GENERAL DESCRIPTION : Same as T_R less PTI2 -

_MODEL SCALE,: 0.O2O

DRAWING NUMBER VL72-_IA_D. I/I.78--000063

(Dimensions are to tank structural OML, TPS not included)

DIMENSIONS '

Length , In.

Max Width(Dia.), In.

Max Depth

Fineness Ratio

Area - Ft2

Max. Cross-Sectional

Planform

Wetted

Base

FULL SCALE

1844.275

MODEL SCALE

36.886

6.62

5 4.67 o.2 ,79
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TABLE III (Cont' d)

MODEL COM_POI_KT; t_ETICf:I, - V 8

GENE_u_.L DESCRIFflCN: Co_figura.tio_ 140C orb_t(,r vert._cal tail (ident[ca!

to_/9__o_ n. fi_a t_i_A_J Bve r tic -._j ;._i]/.__ ........

MODEL SCALE:

DRAWING NUMBER :

D_4EN ;310N8 :

TOT.qL DATA

0. 020

VI.,70-000140C, -000!46B

.'3

Area (Tneo) - Ft'-

Planform.

S._____.n(Theo) - In.

Aspect. Ratio

Rate of Taper

Taper f-_i;io

FULl, ,qCALF, MODEL SCiLE

___tlS_ZtZ_
I, 675

____o .%0.2_.
0. 404

0. 165

I. 675

_o_&_9_L___
Oo 404

45. O0

z___i____
41. 13

5, 370

Sweep-1_.ck Angles_ Degrees,

Leading Edge

Trailing Edge

0.25 Element Line

Chords :

Root (Theo) ;vim

Tip (The'o) ;TP
MAC

Fus. Sta. of ._'_ MAC

W.P. of .25 MAC

B.L. of .25 MAC

Airfoil Section

.Leading Wedge _ngie - Deg.

Trailing Wedge Angle - Deg.

Leading Edge Radius

Void Area

Blalfi<eted Area

45.00

_z__!_ _
41. 13

Z68.50

_j o__8_43
.-]_9_9_a.1_..
1463.35

_635_..5/___
0.0

I0. O0

I_..__49___
2,00

13, 17

0,0

__Z_169 .....
--3%_9.-96- .....
Z_!??.Z67
_IZ_ZIG ......

0.0

I0. 00

I_/9__49! ___
0. 040

O. 0053

0.0
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TABLE III (Concluded)

MODEL _n_.',,_,_,T_.,..,..,-_...: WING-W_: A

_'-[n__ W,,_.,__.,but vith .....re_ements_-- ' Y_i_-Y-_iL_k_g:;D_etzm___O to

X__.]: elevnn snllt ]ir,mroln_nJa_rlfrnrnY : ;_S]__c,YO --_'I_0-5-- U i , -_==__

i • t .: " --,= _ . m •

lIST KO. DWG. NO,_ vL7Q-OOOl_.j.O.r,._._o,=oo_'"'

DIMENS!ONS: FULL-SC/'&E MODEL SCALE

TOTAL DATA
_-Area tTheo,) Ft?-

PIanform

Span (Theo In,)
Aspect Ratio

Rate of Ta_.er
Ta_er Ratlo
Dihedral _gle, degrees
Incidence Angle, degrees

Aerod_ami c Twi st, degrees
Sweep Back Angles, degrees

Leading Edge
"Frailing Edge
O,25 Ele_nentLine

Chords :

Root {Theo) B.P.O,O,
Ti_, {Theo) B,P,
MAC
Fus, Sta. of .25 MAC
W.P, of ,25 MAC
B,L, of .Z5 MAC

EXPOSED DATA
---'_'re'a (.The()) Ft2

Span, (Theo) In. BPI08
Aspect Ratio
Taper Ratio
Chords

Root BPIO8

Tip l,O0 b

MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L, of .25 MAC

Airfoil Section (Rockwell M(XINASA)
XXXX-64

Root b -
T

Ttp b -

.Datafor (I) of (2) Sides

Leading Edqe C_ff
P]anfGTm Area _t_

Loadi_9 Edge I.atersectsCus M, L. @ St8

LcecJzn9 Edge Inte_eCtS Wi_c @ Sta
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TABLE V.

NOZZLE GIMBAL SCHEDULE

GIMBAL

CODE

16 UP

21 UP

8 RIGHT

21 UP

8 RIGHT

21 UP

8 RIGHT

62

i0 UP

I0 UP

8 LEFT

2 UP

4 LEFT

2 UP

4 LEFT

GIMBAL DEFLECTIONS, deg.

_3

i0 UP

i0 UP

8 RIGHT

18 UP

4 RIGHT

18 UP

4 RIGHT

_4

8 LEFT

8 DOWN

8 UP

0

8 RIGH

7.4 UP

8 LEF

4 DOW

4 RIG

_6

8.82 UP

14.5 LEFT

8.82 UP

14.5 LEFT

8.82 UP

14.5 LEFT

8.82 UP

14.5 LEFT
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TABLE Vll

ORBITER FUSELAGE RECTILINEAR PRESSURE TAP LOCATIONS

Xo(FS)

Tap #
Zo(FS) Xo(MS) Zo(MS) LH

Tap #
RH

380 354 7.60 7.08 -- 2*

412 354 8.24 7.08 -- 6*

380 363 7.60 7.26 -- 4*

412 363 8.24 7.26 -- 8*

754 377 15.08 7.54 -- 12"

774 377 15.48 7.54 17" 18"

754 388 15.08 7.76 134 14"

774 388 15.48 7.76 19" 20*

924 351 18.48 7.02 29 30

945 351 18.90 7.02 35 36

924 362 18.48 7.24 31 32

945 362 18.90 7.24 37 38

895 377 17.90 7.54 21 22
915 377 18.30 7.54 25 26

895 388 17.90 7.76 23 24

915 388 18.30 7.76 27 28

985 377 19.70 7.54 39 40

I005 377 20.I0 7.54 43 44

985 388 19.70 7.76 41 42

I005 388 20.I0 7.76 45 46

Ill8 377 22.36 7.54 47 48

I138 377 22.76 7.54 53 54

Ill8 388 22.36 7.76 49 50

I138 388 22.76 7.76 55 56

1381 336 27.62 6.72 75 76

1401 336 28.02 6.72 79 80

1381 349 27.62 6.98 77 78
1401 349 28.02 6.98 81 82

1342 336 26.84 6.72 59 60

1354 336 27.08 6.72 63 64

1342 343 26.84 6.86 61 62

1354 343 27.08 6.86 65 66

1370 309 27.40 6.18 67 68

1377 309 27.54 6.18 71 72

1370 314 27.40 6.28 69 70

1377 314 27.54 6.28 73 74

* Taps 2-20 nnt recorded.
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TABLE Vlll, ORBITER FUSELAGE RADIAL AND BODY
FLAP PRESSURE TAP LOCATIONS

ORBITER FUSELAGE - RADIAL LOCATIONS

Xo(FS) Xo(MS) ¢o TAP #

570 11.40 120 ° I0'

760 15.20 120 ° 16"

942 18.84 120 ° 34

I125 22.50 120 ° 52

1307 26.14 120 ° 58

570 11.40 240 ° 9*
760 15.20 240 ° 15"
942 18.84 240 ° 33

1125 22.50 240 ° 51
1307 26.14 240 ° 57

"_Taps not recorded

ORBITER BODY FLAP

Xo(FS) Yo (FS) Xo(MS) Yo(MS)
TAP # TAP #

UPPER SURF. LOWER SURF.

1555 -94.5 31.10 -1.89
1555 -41.0 31.10 -0.82
1555 0 31,10 0.0
1555 41.0 31.10 0.82
1555 94.5 31.10 1.89
1590 -94.5 31.80 -1.89
1590 -41.0 31.80 -0.82
1590 0 31.80 0.0
1590 41.0 31.80 0.82
1590 94.5 31.80 1.89

700
704
382
708
383
702
706
384
710
3L_5

701
705
386
709
38_,
7h3
707
387
711
389
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TABLE IX. ORBITER BASE PRESSURE TAP LOCATIONS (Concluded)

Yo(FS) Zo(FS) Yo(MS) Zo(MS) TAP #

-115. 329.5 -2.30 6.59 379

-21.9 305. -.438 6.10 717

0 329.5 0 6.59 380

21.9 305. .438 6.10 718

ll5. 329.5 2.30 6.59 381

-ll5. 357.5 -2.30 7.15 716

0 357.5 0 7.15 720

ll5. 357.5 2.30 7.15 719

-ll5. 400. -2.30 8.00 374

0 386. 0 7.72 376

ll5. 400. 2.30 8.00 378

-I04.5 419. -2.09 8.38 715

-43.5 410.5 -0.87 8.21 375

43.5 410.5 0.87 8.21 377

I04.5 419. 2.09 8.38 721

-122.5 444. -2.45 8.88 372

-86.5 435. -I.73 8.70 714

86.5 435. 1.73 8.70 722

122.5 444. 2.45 8.88 373

-88.5 459. -I.77 9.18 713

-50.0 500. -l.O0 lO.O 371

50.0 500. l.O0 lO.O 370

88.5 459. 1.77 9.18 723

.... R.H.OMS R.H.OMS 724
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TABLEX. EXTERNALTANKANDRIGHTSRB
BASEPRESSURETAPLOCATIONS

EXTERNALTANK

XT(FS) XT(MS)

950 19,0
1900 38,0
2058 41,16

C 45° 90° 135 °

800* 801"

!518" 521"
805 806*

CT

180 °

804*
807

225 °

8O2*

270 ° 315°

803*
515"

808*

EXTERNAL TANK BASE

R/ROD

0
0,45

,635
• 840
,895
• 946

1,00

CT

0 45° 90° 135 ° 180 ° 225°

541

810 815" 811814 816" 817"

821 822* 823

826 827* 828*
832*

812
818
824*
829 *_

270 ° 315 °

809*

813"

819 820

825

831

834

RIGHT SRB BASE

XB(FS) XB(MS)

1900 38,0

_B

oI o°II
623 I 624 I _.1621 622*

* taps not recorded ** zero data recorded
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